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This application is made under the act of 
March 3, 1883, as amended by the act of April 
30, 1928, and the invention herein described, if 
patented, may be manufactured and used by 
or for the Government of the United States of 
America, for governmental purposes without the 
payment to us of any royalty thereon. 
This invention relates to low-methoxyl pectins 

(pectinic acids) and has among its objects the 
preparation by simplified methods of Such pec 
tinic materials for use in forming low-Sugar gels 
of high gel strength and good texture With milk 
and certain fruit and vegetable juices Without 
the addition of calcium ion, and with other frit 
and vegetable juices, and water, with the addi 
tion of calcium ion. 
The following definitions of terms as used 

herein are given: By “pectin' is meant the fa 
miliar preparation of commerce or of the labo 
ratory, prepared from plant extracts by precip 
itation with alcohol, acetone, or metallic Salts, 
With no attempt to modify its natural nethoxy 
content. By “pectic acid' is meant a more or 
less completely dennethoxylated pectin. "By pec 
tinic acid' is meant any one of a Series of deriva 
tives of pectin with methoxy content intermediate 
between that of pectin and pectic acid. In the 
present application, the term "pectinic acid' is 
used generically to indicate either the acid itself 
or its SaltS. 
Low-methoxyl pectins can be prepared by the 

partial deesterification of either pectin or proto 
pectin, such deesterification being catalyzed by 
acid, alkali, or enzyme. 

Alkaline deesterification has generally been al 
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lowed to proceed to completion to yield SaltS of 
pectic acid. Pectin has also been treated with 
various aikalis to produce low-methoxyl pectins 
which, when used to prepare high-Sugar jellies, 
increase the time of set of these jellies. In addi- 40 
tion, pectin solutions have been treated With cai 
cium hydroxide until gelation Occurred and by 
this method were able to form high-sugar jellies 
at a pH of 7 (neutrality) and above (alkalinity). 
Furthermore, alkaline hydrolysis has been used 
to produce pectins which, when used as jellying 
agents in high-sugar jellies, lowered their setting 
temperatures. In this latter method, however, 
tie produced pectins had 50% to 60% of their 
acid groups still esterified, 

Normally, high-methoxyl pectins.contain about 
% to 12% methoxyl, which represents about 

80% or more of the acid groups esterified. There 
fore, when 50% to 60% of the acid groups of 
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tent Will be about from 6.9% to 7.5%. This is 
the noi'nai range of methoxyl content found in 
commercial slow-set, high-sugar jellying pectins. 
IOW-methoxyl pectins prepared according to 

the invention have about from 20% to 30% of 
the acid groups remaining esterified, this rep 
resenting a methoxyl content of about from 
2.6% to about 4.5%. Gelation by this type of 
low-methoxyi pectin is brought about by the addi 
tion of calcium ion, with or without sugar, and 
is not dependent on high (about 50% to about 
60%) concentration of the Sugar for gelation, 
aS is the case With the low-methoxyl pectins 
produced in the prior art. Also, the controlled 
conditions of the invention, using a temperature 
rainge of about from 12° C. to 15° C., while vary 
ing the time of reaction to produce the desired 
Educt, differs from the conditions of the prior 
a, 

In the invention, alkali is used as the de 
esterifying agent. The use of alkaline reagents, 
Such as alkali metal hydroxides, ammonium hy. 
droxide, Sodium carbonate, organic ammonium 
bases, etc., have the advantages of rapid rate 
of reaction, ease of control, low cost of agent, 
and iOW COst of equipment as compared With 
acid deesterilication. 
According to the invention, an aqueous pectin 

Solution Cr pectin extract is adjusted to a tem 
perature of about 35° C. or lower, preferably 
Within a range about from 12° C. to 15° C. A 
Solution of a strong alkali, such as potassium 
Or SOdium hydroxide is then added, the while 
keeping the temperature constant, to bring the 
pectin Solution to an alkaline pH of about 10 to 
12, after which the addition of alkali is con 
tinued at Such a rate as to maintain the pH and 
Until Such time as the amount of alkali, previ 
Ously determined, has been added to yield a low 
methoxyl pectin (pectinic acid) of desired meth 
oxyl content. Or, a quantity of a weak alkali, 
Such as ammonium hydroxide or sodium carbon 
ate sufficient to bring the pH of the pectin solu 
tion to the desired alkalinity and maintain it at 
that pH throughout the reaction period, is added 
at one tine, with stirring. 
At Such time when the methoxyl content of the 

pectin has been reduced to the desired amount, 
as measured by the amount of strong alkali 
added, or by the time necessary for the weak 
alkalis to act, the reaction mixture is acidified 
to a pit of approximately 4 by the addition of 
acid, and the pectinic acid then isolated by pre 
cipitation. With alcohol or other methods of pectin 

Such a pectin remain esterified, its methoxyl con- 55 isolation known to the trade, 
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The following examples are illustrative of the 
invention, 

Eacample I 

To 1,000 ml. of 1% pectin (185-grade con 
mercial citrus, methoxyl content of 9.0%, centi 
poise viscosity of 15.3 at 25 C.) Solution at about 
15° C. was added 100 ml. of 2 N Sodium carbonate 
to adjust the pH of the solution to about 10.5. 
The reaction mixture was so maintained at 15 
C. for a period of about 4 hours, after which it 
was acidified to a pH of about 3.5. The low 
methoxyl product was precipitated by pouring 
into an equal volume of alcohol, isolated by 
pressing through cheesecloth, hardened in 95% 
ethyl alcohol, dried and ground. 
The product obtained was found to have a 

methoxyl content of 2.7% and a viscosity of 6.3 
centipoises (1% solution at 25 C.). 

Eacample II 

To 4,000 ml of 1% pectin (185-grade commer 
cial citrus, methoxyl content of 9.0%, centipoise 
viscosity of 15.3 at 25° C.) solution at 15° C. Was 
added 0.5 N sodium hydroxide with stirring, to 
adjust the pH of the solution to about 11.0. The 
reaction mixture was maintained at about 15 C. 
and about pH 11.0 during the continuous addition 
of 142 m. of 0.5 N sodium hydroxide over a period 
of about 80 minutes. 
acidified to a pH of about 3.5 and the product 
isolated in the same manner as that described in 
Example I. 
The product obtained was found to have a low 

methoxyl content of 3.5 and a centipoise viscosity 
of 12.8 at 25° C. 

Eacample III 
To 10 liters of 4% pectin (178-grade commer 

cial citrus, methoxyl content of 9.5%, centipoise At 
viscosity of 17.3 at 25° C.) at about 15° C. was 
added 460 ml. of concentrated ammonium hyroX 
ide, with stirring, to bring the pH of the reac 
tion mixture to about 10.7. The reaction mixture 
was maintained at about 15° C. for about 2.25 
hours and the pectin then precipitated with 12 
liters of 95% ethyl alcohol containing 500 ml. Of 
concentrated hydrochloric acid. The precipi 
tated low-methoxyl pectin Was recovered by 
pressing with cheesecloth. It was then Washed in 
50% ethyl alcohol to which was added sufficient 
ammonium hydroxide to bring the resultant mix 
ture to a pH of about 3.9. The product was re 
covered, hardened by treating with 7 liters of 95% 
ethyl alcohol, preSSed, dried, and ground. 
The product obtained was found to have a 

methoxyl content of 3.7% and a viscosity of 10.2 
centipoises (1% Solution at 25 C.). 

Eacample IV 

Reaction conditions Were the Same as in 
Example III. The low-methoxyl pectin was pre 
cipitated by adding 400 ml. of 25% aluminum 
chloride Solution and the resulting Solution ad 
justed to a pH of about from 4.2 to 4.4 through 
the addition of Sodium carbonate. The precipi 
tate was then dewatered by pressing through 
cheesecloth and the aluminum removed from the 
pectin in the following manner: The aluminum 
pectin precipitate was added to 2,400 ml. of 75% 
ethyl alcohol containing 5%, by volume, of Sul 
furic acid and allowed to Swell for a very short 
time. This was followed by the addition of a 
like volume of acidified 75% ethyl alcohol. The 
resulting pectin suspension was stirred for 15 

The solution was then 
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minutes, filtered, the pectin resuspended in 
3,600 ml. of 50% ethyl alcohol containing 5% by 
volume of Sulfuric acid, stirred for 15 minutes, 
and the Suspension again filtered. The pectin 
was again Suspended in 50% ethyl alcohol, the 
Solution neutralized to a pH of approximately 4 
through the addition of 50% ethyl alcohol con 
taining 5.6% ammonium hydroxide by volume, 
filtered, and the pectin resuspended in 95% alco 
hol. The resultant pectin Suspension was fil 
tered, and the pectin dried and ground. 
The product obtained was found to have a 

methoxyl content of 3.7% and a viscosity of 10.2 
centipoises (1% solution at 25° C.). 

Eacample V 

To 4,000 ml, of an approximate 1% pectin 
solution obtained from thinly sliced fresh lemon 
peel, at about 15° C., Was added 150 ml. of con 
centrated ammonium hydroxide to adjust the pH 
Of the reaction mixture to about 10.6. The reac 
tion mixture was maintained at about 15° C. for 
about 4/2 hours, followed by precipitation of the 
low-methoxyl pectin with aluminum chloride. 
Further precipitation and purification were car 
ried out in the Same manner as described in 
Example IV. 
The product obtained was found to have 8, 

methoxyl content of 2.8% and a viscosity of 9.0 
centipoises (1% solution at 25° C.). 

Eacample VI 

Eight hundred mi. of an approximate 2.5% 
pectin (grade 178) solution was precipitated by 
adding to a like Volume of 95% ethyl alcohol. It 
Was then pressed through cheesecloth, and sus 
pended in 1,000 ml. of 50% alcohol. To this sus 
pension was added 50 ml of concentrated am 
monium hydroxide to yield a pH of about 11.3, 
this mixture being then maintained at a tem 
perature of about 13° C. for about 40 hours. The 
Solution was then neutralized to a pH of about 4 
with hydrochloric acid, the pectin isolated by 
pressing, washed successively with 50% and 95% 
ethyl alcohol, dried, and ground to pass 100 mesh. 
The product obtained was found to have a, 

methoxyl content of 3.1% and a centipoise vis 
cosity of 8.0 at 25° C. in 1% solution. 

Eacdnple VII 

To 4,000 ml. of 1.2% pectin (commercial apple, 
250-grade, methoxyl content of 11%) at about 
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13 C. was added 100 ml. of concentrated am 
monium hydroxide to adjust the pH of the re 
action mixture to about 11.0. At the end of 
about 1/2 hours, the reaction mixture was ad 
justed to a pH of about 4 with hydrochloric acid 
and the product precipitated in 50% ethyl alco 
hol and isolated as described in Example I. 
The product obtained was found to have a 

methoxyl Content of 4.6% and a centipoise vis 
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cosity of 13.6 at 25° C. in 1% solution. 
Eacample VIII 

Four liters of 1% apple pectin extract, obtained 
by extraction of the pectin from 600 g. of dried 
apple pomace, was treated in the same manner 
aS described in Example WII, except that the 
reaction was run at about 12 C. for about 4. 
hours. 
The product herein obtained was found to have 

a methoxyl content of 2.6% and a viscosity of 
5.0 centipoises (1% solution at 25° C.). 
The low-methoxyl pectins obtained in the fore 
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going examples have methoxyl-viscosity relation 
ships Such that 35% sugar-fruit jellies and 20% 
Sugar-milk jellies of high strength and good tex 
ture can be prepared at pH's of 2.5-3.5 and 6.5, 
respectively, when concentration of about 0.8% 
pectin is used in the former and about 0.4% 
pectin in the latter. 

It has been found that products of excellent 
geiling characteristics have been made from low 
methoxyl pectins prepared according to the in 
vention from commercially prepared powdered 
pectins and from extracts derived from orange, 
lemon, and grapefruit rinds, and from apple 
pOnna Ce. 
Warious grades of pectins can be used in our 

invention, and the grade usable is restricted only 
insofar as the resultant products have a meth 
oxyl-viscosity relationship within the limits es 
Sential to the formation of gels of high strength 
and good texture. Wariable concentrations of 
pectin may be used to carry out the demethoxyla 
tion. There are marked differences in demeth 
oxylation rates at 12° C. and 35° C., the rate being 
much greater at the elevated temperature. The 
decrease in viscosity, however, increases more 
rapidly with increase of temperature than does 
the rate of demethoxylation. It has been found, 
therefore, that a temperature of about from 12 
C. to 15° C. should be used to obtain a product 
of the most desirable qualities, 
At pH's appreciably below 11 and at tempera 

tures of 15° C. or below, the rates of demethox 
ylation are too low to be commercially feasible. 
At pH's above 12, the rate of demethoxylation is 
so high that it is difficult to regulate the reaction. 
The most desirable range of pH is about between 
1 and 12. 
This invention is applicable to the alkaline de 

esterification of pectins of different grades, 
methyl ester content, and from a variety of 
Source materials. It is applicable, also, to the 
preparation of all low-methoxyl pectins, regard 
less of their initial methoxyl content, having a 
methyl ester-viscosity relationship which will 
yield gels of high strength and good texture un 
der the conditions specified. Furthermore, it is 
applicable to pectin in the dissolved or swollen 
States. 
Having thus described our invention, what is 

claimed is: 
1. A process of preparing a low-methoxyl pec 

tin comprising treating an aqueous solution of 
pectin with an alkaline reagent to give a pH of 
about from 10 to 12 at a temperature of about 
from 12° C. to 15° C., and then, while keeping the 
temperature constant, continuing the addition 
of alkaline reagent to the reaction mixture at 
such a rate as to maintain the pH and until Such 
time as the amount of reagent, previously deter 
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6 
mined, has been added to yield a low-methoxyl 
pectin having a methoxyl content of about from 
2.6% to about 4.6%. 

2. A process of claim 1, wherein the alkaline 
reagent is an alkali metal hydroxide. 

3. A process of preparing a low-methoxyl pec 
tin comprising treating an aqueous solution of 
pectin at a temperature of about from 12 C. to 
15° C. With a weak base added all at once in 
sufficient quantity, and with stirring, to give a 
pH of about from 10 to 12 during the entire re 
action period, thereby to yield a low-methoxyl 
pectin having a methoxyl content of about from 
2.6% to about 4.6%, and then, while keeping the 
temperature constant, adjusting the pH of the 
reaction mixture to about from 3.5 to 4.5, and 
finally precipitating and isolating the low-meth 
oxyl pectin. 

4. The process of claim 3, wherein the weak 
base is ammonium hydroxide. 

5. The process of claim 3, wherein the Weak 
base is Sodium carbonate. 

6. A process comprising subjecting a solution 
of pectin at a pH of about from 10 to 12 to a tem 
perature of about from 12 C. to 15° C. to produce 
a low-methoxyl pectinic acid having a methoxyl 
content of about from 2.6% to about 4.6%. 

7. A process comprising subjecting a solution 
of pectin at a pH of about from 10 to 12 to a tem 
perature of about from 12 C. to 15° C. to pro 
duce a low-methoxyl pectinic acid having a 
methoxyl content of about from 2.6% to about 
4.6%, and then isolating the low-methoxyl pec 
tinic acid. 

8. A process comprising subjecting an aqueous 
alcohol suspension of pectin at a pH of about 
from 10 to 12 to a temperature of about from 
12° C. to 15° C. to produce a low-methoxyl pec 
tinic acid having a methoxyl content of about 
from 2.6% to about 4.6%. 

9. An alkali-deesterified pectinic acid having a 
methoxyl content of about from 2.6% to about 
4.6% produced by the process of claim 6. 

10. A salt of an alkali-deesterified pectinic acid 
having a methoxyl content of about from 2.6% 
to about 4.6% produced by the process of claim 6. 

WILLIAM DAYTON MACLAY. 
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